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INTRODUCTION 



Pot several generations we have lived in a society alien- 
ated from an involvement in its basic functions of sup- 
port. Not until the flow of supplies, which we have come 
to think of as our right, is interrupted do we begin to 
question the sources upon which we depend. The gas 
crisis of 1973 seems to have been largely forgotten, with 
the demand for larger cars again on the rise, and although 
it was a contrived event, it should be seen for what it is— 
an indication that the resources we take so much for 
granted arc not unlimited. The natural gas shortages of 
1977 may well lead to a more serious examination of 
fuel sources. But as yet there seems to be little broad- 
based recognition of the fact that our agriculture, our 
industry, uur transport, and much of our electricity are 
dependent on fossil fuels, and that although exactly how 
much we have and how long they will last are hotly de- 
bated, the amounts ire finite. Sooner or later substitutes 
must be fuund. It is most facile for many of us to think 
in terms of a technological fix. "They'll think of some- 
thing " But the technological fix is almost invariably at 
further expense to our already damaged environment. 
The most dramatic example of this is the ultimate tech- 
nological horror, nuclear power. 

Although we feel it to be our work as New Alchemists 
to devote ourselves t6 finding ecological alternatives to 
questions of basic life support systems, a New Alchemy 
publication would not be entirely honest without a 
statement of our unalterable opposition to nuclear 
power. It is compelling evidence of the manipulation of 
information when there is still so little public knowledge 
of the dangers to which it exposes not only ourselves 



and our children, but countless succeeding generations. 
I'ossibilitics of accidents (and there have been several un- 
nerving near-misses), sabotage, leakage, and the lethal 
threat posed by the use of plutonium, not to mention 
the problems of the storage of wastes, are not widely 
known. The immorality of a legacy that will contaminate 
the Earth for two-hundred-and-fifty-thousand years, 
which is the half-life of plutonium, conveys a strange, 
almost surreal lack of concern in a society that pro- 
fesses a belief in equality of opportunity in life and ■ 
love fur its children. Perhaps the most succinct summary 
of the terrifyingly rational insanity is that nuclear nergy 
is predicated upon both technological and human in- 
fallibility. 

Meanwhile the sun and wind appear to be with us for 
is close to eternity as need concern us. With these, 
human energy needs could adequately be met, given even 
modest encouragement in developing the necessary tech- 
Oology— which would be integrated in decentralized, 
smaller-scale energy patterns and used in combination 
with other sources such as biofucls, gcoihcim.il and tidal 
power. 

The articles in this section describe much of what is 
wrong with present .igticuliui.il and energy practices. 
They are intended to be read as critiques, as indeed they 
are, but not to be interpreted as endpoints in our think- 
ing We have tried, at New Alchemy, to shift our intel- 
lectural paradigm until these problems no longer loom 
is insuperable, but rather become a touchstone for bio- 
logical approaches to agriculture and energy. 








We find ' ,iaI ,nerc are r « ourc "- ofle " '" ,hr strar, 8 est 
places, as we become less concerned with high energy 
» n d more concerned with diverse wholes. If we are 
willing to change the way we live, then we can begin 
,o restore and reconsttuct. By passing through the por- 
u ls of nature, we can begin to work with or through her 
so that the scars begin to heal. The path will involve 
die three strands of practicality, science on a small and 
human scale, and n wisdom that is philosophical, even 
mystical. Separately change cannot come about, but 

ethaps and this is only perhaps, together the world 

will begin to sing. 



It is easy to begin. The Ark and the Backyard I ith 
Farms reflect wholistic and small-scale thinking, and 
although they lie early explorations into man in 
nature, they will help give confidence and directions. 

Time is not on our side. Hence the urgency ami tone 
of the •'Journal." To some, like Odum, our survival is 
at stake, should they be proved wrong, we still stand to 
gain If they are right, there can be virtually no alter- 
native that is not hell, until the living order of the 
earth's mantle is restored. 

- John Todd 
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.11 (his lime, (he composting process is expensive and 
(here is hide demand fur (he benefits of compost; 
operating costs range from about $5.00-115.00 per 
ton, or about the same price as incineration.' 18 Also 
(lie hulk of organic wastes makes them impractical to 
the farmer when compared to s;ilt fertilizers that can 
be applied easily by machines or in irrigation water. 

On the other hand, the shipment of millions of 
tuns of agricultutal produce from the country to the 
city and then into waterways or up into the air is a 
fundamental example of how rural and urban prob- 
lems have been separated from their common ecology. 
The recycling of organic wastes on farmlands has the 
potential of creating new jobs, reversing the rapid 
loss of humus in farm soils and offering a low-energy 
alternative to agriculture (Table X). Most important, 
it provides the first positive step towards the much- 
needed integration of cities and farms and the mutual 
sulutinn of urban and rural problems. 

Organic matter is not only a valuable fertilizer and 
soil conditioner, it can also be converted into energy 
sources. For example, the U. S. produces about I 36 
million tons of easily available organic solids each 
year (Table VIII). This is equivalent to: 170 million 
barrels of oil (i% of I97l U. S. consumption) or 
1.36 trillion cubic feet of methane gas (6% of the 
l!»7l U. S. consumption). 04 Put another way, it is 
equal to 1 50% of the energy used to run all U. S. 
Finn tractors. 

At the present there are few economic incentives 
to begin recycling and converting organic wastes, 
flroad-hased changes will no doubt depend on the in- 
evitably high costs of fuels and synthetic fertilizers, 
sufficient research rationale, the acceptance of muni- 
cipal composting ond sludging, and the decentralization 
of livestock production. Meanwhile, local efforts are 
possible. 
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DECENTRALIZED STOCK BREEDING RESIST- 
ANCE AND DIVERSITY If genetic uniformity makes 
crops vulnerable to pests, then genetic diversity is the 
best insurance against outbreaks. There are several 
approaches: 

a. The preservation of local plant life and wilderness 
ecosystems as genetic reservoirs. ' 

b. The selection and storage of crops with diverse 
gene pools. 

c. The selection and rotation of varieties adapted to 
regional conditions and resistant to local as well as 
pandemic pests. This would establish buffer areas 
against widespread crop epidemics and provide more 
options for the success of local food production. 

d. The re-integration of livestock with plant crops 
and the selection of animal varieties that can fend for 
themselves ^reproduction, protect themselves from 
weather and disease and develop their own patterns of 
group behavior.'" 

Obviously these approaches are based on a dr.iiu.it ic 
decentralization of current plant and animal breeding 
programs and a sharp turn in research priorities from 
quantity to biological quality. Because the require- 
ments for yield and crop uniformity are so ingrained 
in our food economy, it is difficult to imagine incen- 
tives for change, short of actual epidemics or radical 
economic reconstruction. Meanwhile, at the local 
level, community efforts in new rural areas and grass- 
roots research can promote the genetic diversity of 
crops by protecting indigenous plant life; by seeking 
adaptable crops from independent seed and live- 
stock companies (especially out-crossing and non- 
hyhrid types) and by selecting for local varieties ond 
strains whenever possible. Cooperative gene banks 
may, in the future, have as much value for endemic 
agricultures as cooperative distribution groups have 
had in the past. 

BIOLOGICAL CONTROLS AND DIVERSE 
FARMLANDS As pointed out by Rudd 1 J , any 
analysis of pesticide failure suggests three qualities 
to look for in alternative methods of pest control: 
I) they should be capable of keeping pests at a 
harmless density; 2) they should not cause pests to 
develop resistances, and; 3) they should work with 
and not against the controls provided by natural 
enemies. Several methods fulfill these requirements 
in one way or another. Sex-scent attractant, repro- 
ductive hormones, sterile-male radiation, (raps, etc., 
have all been used successfully. Hut by themselves 
these techniques are based on a strategy of discourag- 
ing the pest A more permanent and stabilizing 
strategy in terms of closing the agroccosystem is 
based on encouraging the natural enemies of pests: 
their predators, parasites and diseases. 

Pest enemies can be encouraged in two ways: 
they can l>e reared in large numbers under controlled 
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Fig. 5 trends in (he energy efficiency of U. S. corn 
production (I Kcil • J. 97 BTtl) limaj 
inpuli include i labor, machinery, gasoline, NPK 
fertilizer production, seeds, irrigation, pesticidei, 
crop drying, electricity and transportation Note 
that.on idle, figuici for yields aie ten times 
greater than 'those for energy inputs. Adapted 
from Pimeniclttal " 



cultivation, but it does not lead to improvements 

in the efficiency of energy use.'° 
Thus, despite the high yields of modern farm tech- 
nology, there does not appear to be an obvious net 
return of energy to society. In effect, the benefits of 
solar energy fixed in our foods are offset by the sub- 
sidy of fossil fuel energy needed to produce them. 

Obviously there are strong implications in the fact 
that the principal raw material of modern agriculture 
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is a dwindling, non-renewable resource. For one thing, 
there is the relationship between the inevitable rise 
in fossil fuel prices and the availability of food., 
especially products that require high energy inputs 
like processed foods and animal protcinj In fact, 
meat may become so expensive in the future that it 
will probably be replaced entirely hy vegetable protein 
in the diets of many people. But vegetable protein may 
also become hard to get as the United States imple- 
ments its basic 1970's foreign policy, which uses 
domestic grains and legumes to reduce the balance nf 
payments and to barter for oil and natural gas in 
foreign trade. Inevitably, the energy crisis will lower 
the quality of food for most people, especially the 
poor. For others, these changes could precipitate a 
renewed interest in urban "Victory Gardens" anil 
in ii 1 1 il .: i ins and provide an impetus to develop food 
cooperatives and local food economies linking the 
inner city to suburbia 

On the positive side, the strain of fuel shortages 
on food production may ultimately stimulate a 
broad based approach to the development of ecolog- 
ically-sound and energy-saving approaches to agri- 
culture. The above might include incentives for using 
cropping patterns that limit the scale of mechaniza- 
tion, the utilization of renewable energy resources 
(solar, svind, organic fuels) to supplement rural power 
needs, increased emphasis on integrated pest control, 
organic waste recycling and other low-chemical 
farming practices." 

AGRICULTURAL RESEARCH: RESTRICTING Till: 
OI'TIONS Unfortunately, little has been done to 
develop techniques to make farms more practical and 
productive within an ecological, renewable-energy 
framework. The agricultural research establishment con- 
tinues to develop, promote and extend chemical, 
energy-consuming technologies in the name of prag- 
matism and economic "efficiency." The National Acad- 
emy of Sciences has criticized the USDA and various 
slate research institutions for supporting "pedestrian 
and inefficient work," for being guided by policies 
"repressive to the vitality of science," "detrimental to 
the interests of agriculture," and for neglecting basic 
research.' 8 This last criticism is especially telling, 



In the U. S. il lakes about 6300 Kcal. to produce one 
pound of beef or about JH.OOOkcil p« pound of 
protein." In contrail, one pound of com fed to 
the cattle requirci from 514 Kcal 54 to 639 Kcal" 
to produce depending on the eatent of energy inputs 
one plugs in. 

In 1970, the proportion of energy inputs into t). S. 
corn production included the followingi chemical 
fertilizers, 36%, pesticides. !'»., maintenance and 
operation of farm machinery, 41%i electricity, 11%, 
labor, seeds, irrigation, crop drying and trans- 
portation, 10%.' J 
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since it points to tlie inability of conventional agri- 
cultural research to investigate and promote alternativ 
methods of farming which stem from basic ecological 
principles: 

(the antitheoritical bias of agricultural science) is 
reinforced by the search for marketable products 
(mostly chemical) as the central strategy for im- 
provement of agriculture.... and by a narrow ac- 
ceptance of the ptesent structure of agriculture as 
a given condition which restricts options. For 
example, the consideration of mixed plantings is 
inhibited by the present design of farm machinery. 
Therefore, research into the ecology of mixed 



sowing only makes sense as part of a broader 
program that must include an engineering effort 
to redesign the machines.'' 

In other words, much of agricultural research is heavily 
biucd and restricted by a narrow set of technological 
assumptions. In contrast, a true agricultural science is 
not guided exclusively by economic restrictions, but 
also by biological realities; it examines the potentials 
of food production from an ecological point of view... 
from a self-sustaining point of view, realizing that 
applied ecology is nothing more than long-term 
economics. 



ECOSYSTEM FARMING: A SELF-SUSTAINING TECHNOLOGY 

When the practice of industrial agriculture 
is interpreted in the light of current knowledge 
of ecosystems, a picture emerges which suggests 
that the future dependability of such agriculture 
is in grave doubt. _ lmtltule ofEcology 

Man in the Living Environment 



Agricultural systems arc essentially artificial com- 
munities of domesticated plants and animals. In order 
to understand the use of ecological tools in agriculture, 
wc might first consider briefly the ecological charac- 
teristics of natural plant and animal communities. These 
characteristics can then be used as models for our 
agriculture, 

MODELS IN NATURAL ECOSYSTEMS Although 
not always obvious, wildlife communities have a 
biological integrity. Not only do particular groups 
of creatures usually live in a particular habitat, but 
the habitat is modified and new habitats created by 
the living community itself. The two dynamics 
evolve to form a self-sufficient habitat or "eco- 
system." We have, for example, a grassland eco- 
system, a forest ecosystem, a pond ecosystem.... 
an agricultural ecosystem. 

The sun provides the energy for the running of eco- 
systems. This energy is stored by green plants and 
passed on through a food chain of plant-eaters and 
flesh-caters. Wastes and dead bodies become food for 
microbes which decompose complex organic matter 
into simple materials that can be used again by plants. 
Available food energy is gradually lost as work and 
metabolic heat at each link along the food chain. 
In ecosystems, then, matter cycles and energy flows. 
For the efficient conversion of matter and energy 
back into the life cycle, ecosystems are held together 
by very diverse but specific kinds of plant/animal 
relationships. Since energy and matter are lost as they 
pass along the fooil chain, plants are more abundant 



than plant-eaters and these, in turn, are more numer- 
ous than flesh-caters. Since most animals have a 
variable diet, food chains intermingle in an eco- 
system and form a complex food "web." Ceneraily 

speaking, the more complex the food web, the less 
likely it is that a natural disturbance or outbreak will 
alter the integrity of the ecosystem or cause individual 
members to become extinct. Hence, in natural eco- 
systems, there is a strong relationship between bio- 
logical diversity and internal stability. 

Other important characteristics of natural eco- 
systems have been described by Pimentcl: 60 

a. Animal populations in natural biotic communi- 
ties are relatively stable; outbreaks.... are generally 
rare. 

b. Most species are rare in relative numbers. 

c. The majority of animals feed on living matter 
as opposed to non-living... Although many animals 
are associated with dead matter, most of these 
animals. . are feeding on microbes ... present in 
the decaying matter. 

d. Population outbreaks frequently occur with 
newly introduced animal species. The plant hosts 
on which the newly introduced animal is feeding 
often lack resistance to it. 

e. Resistance factors which limit the feeding of 
animals on host plants arc common in nature, 
including spines, toxins, growth inhibitors, etc. 

THE FARM AS AN ECOSYSTEM Farmlands, on 
the other hand, are artificial ecosystems. They reflect 
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runt differences from the workings of natural 
systems: 

, Agro-ecosystems are open communities of 
JJUn'ited duration. Because of cultivation and harvest, 
[|iiere is little opportunity for plant nutrients to be 
recycled. Natural ecosystems, however, are nearly 
closed communities since plants feed on the decayed 
bits of their recycled predecessors. 

lb. Cultivated plants and animals are particularly 
Susceptible to attack from pests and diseases; most 
natural resistance has been bred out of them in 
r of productivity and palatability. 
ic. Demands for agricultural efficiency are really 
Rlemands for biological simplicity and uniformity, 
[Hence, agro-ecosystems contain only a few species 
• 'if plants and animals which are substituted for the 
nplex network of the wildlife community, 
itrong interactions often develop among these few 

ii-N and their associated competitors and pre- 
ilatnrs. The system is simple and unstable or 
sily disturbed. This is why pest populations are 
{[often larger in monocultures than in mixed-species 
fstands. This "simplicity" of agro-ecosystems 

Makes on several forms: (1) Crop Simplicity: fields 
fare usually planted to a single kind of crop, oc- 
Scosionally two (intercropping), very rarely several 
{(mixed stands). Herhicides eliminate weeds so that 

■ only one crop prevails. (2) Genetic Simplicity: 

tops and livestock are usually of one high-yielding 

cty or inbred line of hybrid stock that often, 
i the name of production, forsakes disease rcsist- 
: and adaptability. (3) Structural Simplicity: 
The farm landscape is structurally simple, with 
'out hedgerows, trees, weeds and other refuges 
;of beneficial animals to interfere with efficiency. 
.(4) Ecological Simplicity: the farm ecosystem is 
Htlmple with respect to the number of relationships 

■ among links in the food chain. For example, in 
(1) above, or when livestock are moved to feeding 
lots su that manure can't be recycled locally, or when 

I natural enemies of pests arc eliminated by indiscriminate 
1 pesticides, etc., die farm is made unstable in an ecolog- 
ical sense and requires large inputs of synthetic 
chemical energy to replace the biological energy 
that usually maintains balance and stability. 

Generally speaking, fanning practices of fer- 
tilizing soils and controlling pests fall on a spec- 
trum between the chemical and ecological ex- 
tremes. Today, practically all fanning is at the 
chemical extreme. But, as I have tried to show, 
there is a growing imperative for ecological alter- 
natives in fanning which foster a more stable and 
closed agro-ecosystem. 

ORGANIC WASTE RECYCLING AND CONVER- 
SION In 1971, the cities spent over $3.5 billion 
to collect and dispose of solid wastes. Next to schools 
and roads, this was the costliest of all public ser- 
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vices. In that same year, the U. S. generated about 
880 million tons of organic waste solids (Table VIII). 
Less than 0.1% of this was sold commercially as 
compost, dried manure and processed sewage sludge. 
A similar amount was used by fanners as fertilizer 
and soil conditioner (Table IX). 

Unfortunately, most organic waste is not returned 
to the land but is either burned or dumped into oceans, 
rivers and landfills. This unwillingness to close a basic 
ecological cycle occurs at both ends of the human food 
chain. On farmlands, the centralization of livestock 
production has produced a waste "problem" instead 
of a waste resource, while the expediencies of a lew 
salt fertilizers have replaced the traditional patterns 
of crop rotation, green manuring and lea farming. 
In the cities, the return of organic wastes to farmlands 
is hindered by the attitude that municipal composting 
is economically inefficient and therefore not a viable 
alternative to simple dumping anil burning." . 67 True, 
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Speaking generally,' intcrplanting the firm land- 
scape with trees, hedgerows and other perennial ' 
stands, together with rotations,' strip cropping and 
mixed stands will serve to promote stability and 
effective natural pest control. Out diverse land- 
scapes and mixed fanning methods per se will not 
create stability. Sometimes diversity decreases pest 
damage, other times it may increase it. The web of 
possible plane/animal relationships is immeasurably 



There ii some debate on ihc long term effects of 
continuous rotations. From 5(1 years of 6 year 
rotations (corn. MM, duvet .,,,,1 timothy), Albrecht 
<7») noted thai the problem of returning fertility 
to exhausted soili may be eaiier if one used one 
crop and grew ir continuously, "That procedure 
would seem • logical one when ibe evidence shows 
that rotations were the quickest way of mining 
lb. soil by calling in Html differeol ctafM in 
rapid sequence, each for its different and added 
exploitive effects". 



complex, and each situation and crop ecosystem is 
unique. In other words, the right kind of diversity 
must lie established, and we can only know that by 
ptaclical experience in local ateas and ecological 
studies of the agricultural environment. 

There is yet another level of ecological complexity 
in agriculture that has tremendous poteniial on i 
decentralized scale, but which is yet to be fully ex- 
plored. This is the idea of the polycultutc farm. 
The concept is borrowed from practices of the rice- 
vegetahle-fish-Iivestock economies of southern and 
eastern Asia. Adapted to current Information about 
ecological principles and » holistic science, modern 
polyculture farms would link several artificial eco- 
systems in a balanced and relatively self-sufficient 
complex of renewable energy systems, mixed crops, 
aquarulture plus livestock, and insect husbandry 
(Fig. 7). At the present, several grassroots groups in 
America and Europe are investigating various ways 
to integrate renewable food and energy systems into 
endemic polyculture schemes. 




Fig. 7 An Idealized polyculture farm and rese. 
center A-Giains, green manure and ft. 
crops. B-Solar grain-drying structures. 
O Windrow compost piles on fallow set 
D= Diverse, mulii storied orchai ,ls with i 
growth of refuge plants anil green manu 
crops. E»Fish>fond slocksi aquaculture 
sectary and worm cultures. F-Wind gen 
C'Solarhcated Quonstts for rearing wa 
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investigaring diverse cropping systems 
K« Poultry shelter with methane digesters, 
sludge ponds and gas Storage tanks. I. -Horn 
greenhouses. M-Snlar heated 
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nunitics and regions are being abandoned. Changing 

J-use patterns reduce the diversity and distribution 
if g«m P ljsm f""her by destroying habitats of en- 
"Jemic wild plants. This combined loss of genetic di- 
sity reduces the gene pool from which plant breeders 
i choose to breed future varieties resistant to future 
diseases. Such a genetic reserve is important because 
rihe evolutionary contest between disease microbes and 
Cultivated stocks is a continuous exchange of mutual 
Adaptations; shortlived microbes mutate and recom- 
tbine to new diseases while longer-lived crops struggle 
|to adapt resistance." Likewise, ilie development of 
ifesis'ant varieties of crops is a continuous process and 
[needs a diverse genetic base from which to operate. 
[Unfortunately, a large proportion of the genes of old 
[Varieties has been discarded; the new varieties repre- 
—fllsent only a fraction of the gene pool once planted.' 
ju. ■ I his loss, although not well publicized and under- 
k| stood by the public, has very serious consequences 
23; f"' (he availability of futute food supplies. 

I 2. Most high-yield crops encourage the use of pesti- 
cides and synthetic fertilizers; in fact, they have actually 
|T been developed in concert with agricultural chemicals. 
PThe new varieties appear to be prone to pest attack 

(e.g., the dwarf IR-8 rice, the "backbone" of the Green 
^ Revolution, is susceptible to sheath blight and the 
'brown Icafhopper). This means that farmers are forced 
kK, 'o u5e pesticides, including herbicides, to protect theit 
ffff''lii|ili yields and to stretch production potential. In ad- 
K dition, high-yield varieties are productive only because 
JJ; they ate responsive to heavy tloses of chemical ferti- 
lizers; they are ineffective without this input. Thus, the 
abundance of high-yield crops has to be weighed against 
the hazards of the chemicals needed to make them so 
productive. 

3. Planting large areas to the same kind of crop 
encourages the spread of disease and pest outbreaks. 
When the monocultures are extended over broad geo- 
graphic areas, as (hey arc today in the United States, 
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one agronomist wrllesi "If you are will 
the fate of mankind to these collections, you aic 
living in a fool's paradise... (they are) enormously 
redundant... some race* are hardly represented al all 
and the wild and weedy gene pools are conspicuously 
missing. In no collection it there an adequate sampling 
of the spontaneous rates that are the most likely source 
of disease and pest resistance On the whole, the col- 
lections we have are grossly inadequate for the burden 
they will have to bear."* 1 



the potential for crop epidemics is compounded. This 
is precisely the condition that ptecipitated the great 
Irish potato famine of the 184()'s and the U. S. corn 
leaf blight in the early 1970s when over 1 5% of the 
total U. S. corn crop was destroyed These and other 
examples show that crop monocultures and genetic 
uniformity actually invite crop diseases, increased 
pesticide use and the potential fot higher food costs 
and food shortages. 

Unfortunately, the murket economy rather than 
common sense determines whether a new crop variety 
is USCd, The farmer requires uniform crops for tending 
onil mechanical harvesting. The middlemen require 
uniformity for processing and mass merchandising. 
The competitive market permits no alternatives, 
in spite of the fact that our dependence on a narrow 
genetic base for our food supply destroys genetic 
reserves and encourages polluting inputs and crop 
epidemics. This fundamental dilemma was brought to 
focus by the 1970 U S. corn leaf hlignt and was de- 
scribed in a teport issued by the National Academy 
of Sciences, which concluded that: 

a) .... most major crops are impressively uniform 
genetically and impressively vulnerable, b) This 
uniformity derives from powerful economic and 
legislative forces, c).... increasing vulnerability to 
epidemics is not likely 10 generate automatically 
self-correcting tendencies in the marketplace.''' 
FARM ENERGY, RISING FOOD COSTS AND 
CHANGING DIETS A characteristic of chemical 
farming is the close relationship between pesticides 
and synthetic salt-fertilizers. These two technologies 
were developed together and are interdependent. As 
noted earlier, the use of agricultural chemicals, 
together with crops geared gcncticully to their use, 
have forced the fartnet onto a treadmill of chemical 
routine! and resources. (Fig. 4) 
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Fig. 4 The treadmill of chemical dependence fostered by 
ibe high-energy technologies of modern agri- 
culture and nurtured by a scries of ecological 
backlashes. 
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IABLE -J, Fossil Fuel Requirements Tor .liferent aspects of agriculture. 
Data are for California (1912). Froa Cervlnca It. al. 54 • 



CATEGORY 


ENERGY SOURCE UN HIL IONS OF UjJIT 


1 


TOTAL 


NATURAL 

GAS 
THERMS 


ELECTRICITY 


DltSll 
FUEL 
GAL. 


GASOLINE 
GAL. 


[P '-AS 

PROPANE 

BUTANE 

GAL. 


AVIATION 
FUEL 
GAL. 


MILLION 

BBLS 

CRUOE Oil 


Field crops 


M4.7M 


464. Ml 


96.400 


19.477 


2.381 


— 


9.34 


Vegetables 


165.999 


358.193 


38.792 


25.031 


4.441 




4.62 


Fruits anil nuts 


itMca 


410.773 


26.158 


12.602 


3.296 




3.39 


Livestock' 


107.111 


1.460.966 


46.443 


7.813 


12.261 




4.19 


Irrigation 


40.619 


7.177.441 


6.531 


.487 


4.521 


-- 


5.16 


Fertilizers 


JOS. MS 


579.362 


6.738 


1.S29 


1.114 




5.87 


Frost protection 




40.501 


60.003 


6.854 


.904 


- 


1.63 


Greenhouses 


10?. 700 


83.427 




... 






1.82 


Agr. aircraft 


... 


... 


I.OH 


1.607 


... 


8.994 


0.25 


Vehicles (Fan use) 




— 


10.447 


117. 798 


... 


-- 


2.77 


Others 


... 


... 




... 


23.711 


-- 


0.39 


TOIAL 


1,214.128 


10.575.344 


292.584 


195.198 


52.629 


8. 994 




EQUIVALENT 

(Million bbls crude oil) 


20.93 


6.21 


7.06 


4.17 


0.86 


0.19 


39.41 



The chemical treadmill is only pan of the regime 
of gas an J oil technology that now fuels the fields and 
cares for crops. Virtually all of the agricultural tools 
used today depend on fossil fuel eneigy in one form 
Of another (Table V). Willi possible fuel shortages, 
whether real or political, there seems little doubt 
that our present euphoria about farm production is 
ill-founded and that the energy crisis will have in- 
creasing effects on the production, consumption and 
price of food. 

Agriculture, of course, is just the starting point of 
a large food industry that includes production, pro- 
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cessing. transportation, marketing, plus domestic 
storage and cooking. In 196], these food-related ac- 
tivities consumed about 12% of the total U. S. energy 
budget, or the equivalent of about 240 gallons of 
gasoline per person (Table VI). Assuming that one 
person eats about one million kilocalories of food 
energy per year, or about 29 gallons of gasoline, it 
seems that our notions about food as an energy 
supplier arc largely an illusion. 

There is some evidence that agriculture itself has 
become an energy sink. Pimeutel'* has shown that, 
with regards to U. S. corn production, the ratio of 
energy in yields to energy in production inputs ("p ro " 
duction efficiency") has started to decline in recent 
years (Fig. 5). This decline has a profound effect on 
other food industries since com supplies livestock 
feed as well as oil and food. 

The production efficiencies of other raw foods are 
listed in Table VII. Although there is considerable 
variation in energy intensivcuess among different 
crops, on the average, most seem to use about as 
much energy for production as they provide for sus- 
tenance.''*'"' 

Viewed in terms of an energy budget, then, modern 
agriculture does not seem so efficient. In fact, it may 
be less efficient than more "primitive" forms of agri- 
culture: 

.... modern agriculture based on ihe exhaustion 
of fossil fuels may pruducc more than hand 



VI 



WJjjCJons (insectaries) and released at strategic 
""tl'lnto crop areas. Alternatively, crop patterns 
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Jic'i'i or the establishment of permanent refuge 
habitat- There are several ways to improve the 
coiogicol stability of croplands; only a few specific 
' lationships will be mentioned lure for illustration: 

ll^i-louier-cTOps: The nectar and pollen of many 
'flower! provide food Tor adult beneficial insects? 1 . 72 
,i orchards, for example, wildflowers can nurture 
iSpuiations of parasitic wasps and thereby reduce 
cruin pests. 72,7 ' Research in Russia has shown 
ffltjWhen the weed Pbacelia was planted in orchards, 
.'fiarasite of the tree's scale pest thrived in the or 
,'rd t>> subsisting on the nectar of the weed. When 
{'population of the pest increased to dangerous 
evrls. the parasite was in sufficient numbers to con- 
BoHthe pest, ,,1U5 avoidang the unpredictable lag 
pc'riml that normally occurs between the appear- 
ince of a P" 1 " ml i,s "» turnl en c ">y- Another 
Russian study showed that, when small plots of 
Iffnbcllifcrs were planted near vegetable fields in a 
Ratio of 1 flower plant: 400 crop plants, up to 94% 
fof the cabbage cutworms were parasitized. Flowers 
|o'f|crpp plants such as brassicas, legumes and sun- 
ifluwtrs can also serve as alternative food sources for 
eheficial insects. 

mhuptUent crops: Most insects arc selective as to 
Sihc, kinds of plants diey eat. It is generally held thai 

insects are attracted to the odors of "secondary" sub- 
lli'lnces in plants rather than to the food value of the 
Blant itself. 71 * 

■ Experiment! have shown that odors given olf by 
^omatic plants interplanted with crops can interfere 
rth the feeding behavior of pests by masking the at- 
•acting odor of the crops. 75 This means that certain 
Jtids of plant diversity per se may have a profound 
Effect on pests over and above that conferred by natural 
lies. Repellent crops so far described include 
us pungent vegetables (Solarium. Allium) and 
nromatic herbs (Labialae, Composilae and Uinbclli- 
ftrae). 

Trap crops: Some plants can be used to attract 
Beni away from the main crop. VVith careful munitoring 
;|these "trap" crops can also serve as insectaries for 
mtutal enemies. For example, when alfalfa strips were 
P"interplanted with fields of cotton, the l.ygus bug (a 
; serious pest in California) migrated away from the 
■cotton and into the alfalfa. 7 ' With their concentra- 
tions of Lygus bugs, the alfalfa plots then provided a 
' food source fur several predatory insects in the area. 
kTrap crops of alfalfa may also have applications in 
1 walnut and citrus orchards and bean fields. In the 
coastal climate of California, brussels sprouts, which 
I attract large numbers of aphids, can function as over- 



wintering insectaries for parasitic wasps. When aphids 
attack other crops in the spring, wasp populations, 
having fed on aphids during the lean winter, are large 
enough to respond quickly and control the aphids. 

d. Hedgerows and Shelter Bells For centuries 
hedgerows have been planted between field crops to 
slow down winds and thus reduce wind eiosion and 
improve microclimates. The presence of uncultivated 
land near cultivated fields also has a profound effect 
on the distribution and abundance of insects associ- 
ated with crops. Wild plant stands can provide alter 
native food and refuge for pests and their natural 
enemies alike. In fact, almost ever)' advantage offered 
to the one is, to some degree, available to the other. 
Hence it is not always clear whether uncultivated land 
is beneficial or harmful to pest control. However, 
in England, where much farming is done near wild 
vegetation, pest problems are generally less severe 
than in the United Slates where monoculture farming 



persists 



78 



Many other kinds of plain relationships can be 
cultivated to advantage. Some "component" species 
probably serve more than one beneficial function. Re- 
pellent herbs, for example, also produce food-rich 
flower heads, as do many trap crops. Garden models 
(Fig. 6) exist for a variety of mixed cropping schemes, 79 
and these undoubtedly could be tested and applied 
on a larger scale. Interest, however, will probably re- 
main focused on monocultures until the "costs" 
of pesticides and poor farm management exceed the 
"costs" of ecological designs 




Fifl. 6 Some possible 
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